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(57] ABSTRACT 
A method and apparatus for the replication of thin film 
patterns. A stencil is fabricated of a material such as 
silicon by etdibg or epitaxially growing on the silicon 
wafer. The stencil is used as a shadow mask in molecu- 
lar beam deposition of the thin fflm pattern. The tech- 
nique provides high yields in the formation of relatively 
large scale thin film patterns. 

3 Claintt, 22 Drawing Figures 
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strate which U not subject to the objectional features 

CTENCIL PROCESS FOR HIGH RESOLUTION discussed above. BrieHy, such a process requires prepa- 
PATTERN REPLICATION ratiori of a stencil of a material such as silicon , selected 

for its amenability to the formation of a high resolution 

niis invention relates to thin fUm pattern replication 5 pattern mask. Portions of the stendl rorresponding to 
and in particular to the preparation and use of a stencil the pattern which is to be deposited are selecttvely 
for thin film pattern replication. etched away. TTie use of ^^^^^^'^'^Jj .i^;!^^^ 

The standard technique now in use in the semicon- etchants insures very precise etchmgs of the desired 
ductor industry for placing thin film patterns on sub- pattern without undercutting. The us&of a silicon sten- 
strates involves the use of photolithographic tech- 10 cil material along with the appropriate etchants in the 
niques. Briefly, this process involves the following manner to be described henceforth proWdes a strong 
major steps. TTie substrate is firet coated with a fUm of accurately formed stencfl. The stencil is Aen used asa 
the desired pattern material of the required thickness. mask for molecular beam depostaon of flie desired 
The pattern material is then coated With a layer of pattern on the subjstrate. Once ti» stendl has been 
photoiesist. followed by exposure of the photoresist 15 prepared the actual deposition of the patterr on the 
material through an appropriate photo mask. The ex- substrate is a one^Jtep process. Moreover, rt s not 
posed photoreSst material is then developed, resulting subject to the objectional features stemming from Uie 
In a surface which is sdectively receptive to chemical use of chemicals in the conventional/photolithographic 
etching. Subsequent chemical treatment of this surface process. Most importantly, once a good stwicil has 
resulu in etching away the desired portions of the pho- 20 been prepared the process is not degraded by the pr«- 
toresist material and of the pattern material thereun- ence of dust particles on the substrate to be patterned, 
der The final step of the process involves stripping From a pattern replication standpoint, 100 per cent 
away the remaining photoresist material and deaning yields can be achieved. Patterns extending over areas 
the completed stnicture. TTie standard process has a of several centimeters have been deposited using this 
number of undesirable features. It is a nuiltistep pro- 25 method. . 
cess involving the use of elaborate fadlities and equip- It is therefore an object of this mventoonlo provide a 
ment and a substantial expenditure of labor. Further- thin film pattern replication method which B mexpen- 
more. successful practice of this method requires com- sive in comparison vnth the available photohthographJc 

uatibility between the film and substrate materials, the process. • 

bhotoresist, stripped, and etdiants. This may impose 30 Another object is to provide a pattern replication 
undesirable limitations of the types of film material and method which does not involve the use of chemicals 
substrate material which can be used together. Also. and the attendant difficulties "f"™*"!.*^^"'' 
being a chemical process, tiiere exists the danger that It is a further object to V^^^^^^^^^ 
the work piece wUI be contaminated by the photoresist replication process which ^ not inherenUy impose 
or strippers. 35 limitiitions on the types of materials which may be 

Perhaps the most severe limitation of the standard deposited. . . ^ u 

process rtems from the fact tiuu fa is extremdy suscep- It is still a further object to provide a P«ff ™ 
tible to the pr«ence of dust on the film pattern mate- tibn process whidi is imperwus to the presence of dust 
rial These dust particles result in uneven distribution on tiie substrate on which tiie pattern is to be formed, 
of die very tiiin layer of photoresist material which is 40 It is an object to provide a pattern replication method 
deposited and maC even cause discontinuities in tiiis by whidi multi-material pattern smictures m^ be de- 
layCT. As a result of tfiis unevenness and possible dis- posited ^^■<^°^l^'^^'^!^'f^,"^^^^^ 
continuities subsequent exposure of tiie photoresist tion will be understood by consideration of the follow- 
material will be imprecise. The end result of tfiis effect ing detailed dwcnpton and drawmgs wherein: 
b tiuit the pattern Vemaining after etdiing may be un- 45 HGS. l(flH(/) Hlustrate tiie steps involved in tiie 
even and may have undesired breaks, hi some areas of preparation of tiie stencil. 

Lhlidogy ttus limitation fa not unacceptable. It fa RG. 2 fa a front and bade side view of a typical sten- 
freouently the practice to form, for example, as many cil pattern. .^.^^ . . u j 

« iSo integrated circuits on one wafer of substrate FIGS. 3(<i) and .3(fc) show tiie onentatiomdly depen- 
material. While tiie dust particle effect might result in SO dent etch properties of alicon. , a 

nldnation of 400 of ttie integrated drouits tiiere still FIG. 4 depicts restetivi^ patterns for resistivity de- 
remain 600 integrated circuits which are acceptable pendent etch of tiie stencil. . „ ^ 
fr^ a p^ero^ication standpoint. In tiie ca^ of a RGS. S(a) and S(i) illustrate onentationaUy depen- 
large scale integration process, however, it may be dent epitaxial growth of tiie stencil pattern, 
polible to only form 10 integrated circuits on a wafer. 55 RGS. 6 and 6(a) a pattern rephcation apparatus 
In such a case, tiiere fa a high probability tiiat many or employing stenals. 

all of tiie integrated circuits will be rendered useless by HG. 7 fa a typical surface wave filter metalization 
tiie oresenceofdust particles. This stems from the fact pattern. ..... 

til^t ^e size of tiie unit stnicture fa increased, tiie FIGS. 8(«) and 8(fr) show tiie ste,« mvolved m s en- 
probability of a destructive dust particle mcreasespro- 60 dl replication of a surface wave filter metalization 

portionately. Thus, tiie yidd of large unit structures pattern. . . ... . 

using the photolitiiographic process is umicceptably FIG. 9 depicts a high resolution tiun film wntmg 
low Thfa problem fa also present witfi other relatively apparatus. . ' , 

lar^ stnictures sud, as surface wave delay lines on HG. 10 fa a block diapam of a control system for 
wWch are deposited tiie interdigital transducer dec- 65 regulating tiic operation oftiie apparatus shown m FIG. 

*^' prcsem invention involves a new process for For purposes of illustrating ttie preparation of the 
generating thin film, high resolution patterns on a sub- stendl, tiie stencil material chosen is sdicon and Uie 
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etchant potassium hydroxide KOH* Other stencil mate- 
riab and etchants can be used as will be described later 
in the description. 

The steps involved in preparation of a stencil of this 
type are illustrated in RG. 1, (RGS. la-^lgh the first 
step consisting of selecting a (110) wafer of silicon 10 
with a flat in the <110> direction such as that illus- 
trated in no. 1/t. HQS. la^lg show various cross sec- 
tions of the wafer taken along cut AA of FIG. l/i. FIG. 
la shows a cross section of the wafer 10 before forma- 
tion of the pattern mask area, hereafter called the 
membrane. Both the upper and lower surfaces of the 
wafer are coated with a suitable growth of silicon diox- 
ide 13 and 15 as illustrated in FIG. lb. As shown in 
FIG. Ic selected portions of the upper silicon dioxide 
layer 13 are removed. These removed portions. corre- 
spond to the pattern openings shown in RG. lA. Such 
removal is accomplished using conventional photo- 
lithographic techniques or with an E-beam machine. As 
illustrated in RG. l/i the sides of these removed por- 
tions form an angle of 35.26 degrees with the flat of the 
wafer 10, so as to ensure that the sides of the removed 
portions coincide with (111) planes of the silicon wafer 
10. The wafer 10 is then etched with an orientationaliy 
dependent etchant such as KGH to a desired depth as 
shown in FIG. Id, As a result of the fact that the re- 
moved portions of the upper silicon dioxide layer 13 
coincides with (111) planes of the wafer 10 the por- 
tions of the wafer 10 removed by the etching process 
have rectangular cross sections. The next step illus- 
trated in RG. \e is to remove that portion of the bot- 
tom silicon dioxide layer 15 over the entire area of the 
.membrane. The pattern for this removal is shown in 
RG. li\ The back side of the wafer is then etched with 
the planar silicon etch until the wafer is etched through 
resulting in the cross section of RG. 1/ The final step 
is to strip away all of the oxide and to clean up the 
stencil resulting in the cross section of RG. Ig, witfi the 
membrane 11. 

It will be noted that preparation of the stencil in- 
volves the use of conventional photolithographic tech- 
niques and is therefore subject to the damaging effects 
of dust particles as noted above. Thus, it may be neces- 
sary to prepare a number of stencils before a suitable 
copy is obtained. Once an acceptable copy is produced, 
however, it can be used for the deposition of a large 
number of patterns as will be shown later in the de- 
scription. The presence of dust particles in subsequent 
steps is not a probleni. 

RG. 2 illustrates both the front and back sides of a 
typical etched stencil pattern, consisting of a thin pol- 
ished single crystalline silicon wafer 10. Three long 
narrow shallow recesses have been etched in the front 
side of the wafer 10. Subsequently, as illustrated in the 
back side view, the entire membrane area is etched 
away, but only to the depth of the front side etch. The 
result is a membrane area 11 comprised of three nar- 
row recesses which extend completely through the 
wafer separated by two thin bars, each having a rectan- 
gular cross section. This membrane area 11 constitutes 
the stencil paUem. The use of silicon and the fact that 
surrounding the membrane area 1 1 is a region of rela- 
tively thick substrate material lends considerable 
strength to the stencil structure. While this particular 
stencil structure is less complex than others that might 
be contemplated, it illustrates the essential features of a 
typical stencil. 
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The orientational etching properties of KGH on sfli- 
con are depicted in RGS. 3a and b, RG. 3a being a 
plan view and RG. 3b being a projection. A polished, 
single crystalline wafer of silicon is shown with the 

5 orientation such that its upper face is a (110) face 
while the edge flat is cut perpendicular to the <110> 
direction. The diamond appearing in these figures is 
bounded on all four sides by ( 1 11) faces. The relative 
orientations of the various faces involved in these fig- 

tO ures gives rise to the circumstance that the (111) £aces 
are perpendicular to the ( 1 10) face. Thus, as illustrated 
in RG. 3^ if the (110) face is considered to lie in the 
horizontal plane then the various ( 1 1 U faces bounding 
the diamond all lie in the vertical plane. KGH when 

15 used as an etchant for silicon causes an etching action 
much more rapid in the <110> direction than in the 
< 1 1 1 > direction. To etch the wafer as illustrated in the 
figures, the upper ( 1 10) face of the wafer is coated with 
an etch resistant material everywhere but in the region 

20 defined by the diamond. When the KOH etchant is 
applied to the wafer there will result very rapid etching 
in the <1 10> direction but virtually no etching in the 
<111> directions perpendicular to the (111) faces. 
The result of this etching is a diamond shaped recess 

25 with the sides of the diamond defined by the (111) 
faces being substantially v^cal. By use of an orienta- 
tionaliy dependent etchant the traditional problem of 
undercutting is elunmated. This type of orientationaliy 
dependent etching is possible with various other mat&- 

30 rials including but not limited to germanium and gal- 
lium arsenide. Some semiconductor materials capable 
of use in this mann^ along with the appropriate etch- 
ants are given in Table I . 
The important feature of this novel method for sten- 

35 dl fabrication lies m the f&ct that it results in pattern 
elements with substantially vertical side faces. It will be 
seen below that use of a pattern with this characteristic 
pennits high resohition deposition of the thin film pat- 
terns. It is considered that the use of orientationaliy 

40 dependent etchants is the most practical means for 
realizing this important feature. There exist, however, 
other methods for fabricating the stencil which will also 
result in stencil patterns with substantially vertical 
sides. One of these methods involves the use of resistiv- 

45 ity dependent etchants. RG. 4 shows a cross sectional 
view of a silicon wafer similar to those illustrated in 
RGS. lo-lg. In this case, the silicon wafer 12 is N-type 
doped silicon and is treated so as to have respective 
elongated doped regions 14 and 16 provided therein. 

50 The regions 14, 16 may comprise predetermined por- 
tions of the silicon wafer 12 into which has been dif- 
fused P-type dopant material. The importance of this in 
the present invention lies in the fact that for certain 
etchant materials, the resbtivity of the P-type dififused 

55 area to the etching process is much less than is the 
resistivity of the surrounding N-type material. If the 
wafer 12 is exposed to appropriate resistivity depen- 
dent etchants the resultant etching action will be al- 
most exclusively confined to the P-doped regions 14, 

60 16, Alternatively, the regions 14, 16 may be formed in 
the wafer 12 as the result of a selective ion implantation 
process introducing a P-type dopant material into the 
wafer 12. Such a process also results in P-type regions 
14, 16 whose resistance to the etching process is sub- 

65 stantiaJly less than that of the surrounding N-type sili- 
con material. The difference between ion implantation 
and the diffusion of P-type dopant material is that sides 
more closely approximating the vertical are possible 
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with the ion implantation process. In the practical case first of an evacuated container 22, within which is lo- 
using eihcr of these approaches, a number of long, cated a molecular beam source 24. The molecular 
narrow channels would be etched into the lop surface beam source is illustrated as directing molecular radia- 
of the silicon wafer 12 as defined initially by the P-typc tion downward. It will be understood, however, that the 
regions 14, 16, Beyond this, the fabrication of the sten- 5 specific direction of this radiatibri is not critical to the 
ci! proceeds in a manner identical to that, which has practice of the invention. The molecular beam source 
been discussed previously. The wafer is etched from is shown as having an aperture of dimension d. A typi- 
the back side over the entire membrane, area using cal molecular beam source migfit be an E-gun evapora- 
planar silicon etch. A suitable resistivity dq>endent tor in which case the dimension of the aperture would 
^chantforthistypeof application, consists of an 8:3:1 10 be very small. Located below the molecular beam 
mixture of acetic acid, nitric acid and hydrochloric source 24 is the substrate 26 oh which the thin film 
acid. While an embodiment has been shoWn using N- pattern is to be deposited. Any substrate material re- 
type doped silicon stencil material with P-type regions ceptive to deposition by molecular beam radiation can 
fOTTned therein and this specific etchant; other combi- used. Located between the molecular beam source 
nations of stencil material and etchants which permit 15 24 and the substrate 26 is the high resolution stencil 28, 
resistivity dependent etching can be used. . the stencil being located at a distance D from the mo- 
There exists yet another method for preparation of jecular beam source 24. The bottom of the stencil 28 is 
the stencil. RG. 5a shows a cut away view of a silicon ^j^^ shown to be separated from the upper surface of 
wafer 18 with the wafer oriented to have an upper ^ substrate 26 by a distance S; While the stencfl 28 
(110) face. A recess has been etched into the wafer 20 placed in contact with the upper surface of the 
using a planar silicon etch. The mask used in perform- substrate 26, it may be desirable in some applications 
ing this etch has been so oriented as to cause its sides to ^ separate the two by a short distance so as to avoid 
be parallel with (111) planes of the gilicon. RG. Sb is danage to the substrate surface resulting from contact 
an intermediate stage in this method showing the same with the stencil. 

wafer 18 ^yith a plurality of silicon bars 20 epitaxially 25 Operationally, molecular radiation of the material to 

deposited thereon. The steps involved m this epitaxial deposited Is generated by molecular beam source 24 

deposition process consist first of coating the entire directed toward the substrate 26, The stencU 28 

upper surface of the silicon wafer 18 including the interposed between the source and the substrate 

recessed area witfi a iayer of sUicon dioxide. TWs sitt- fimctions as a mask to direct this radiation onto dfesired 

con dioxide layer is then selecuyely etched away only 30 p^rti^^ of the substrate. The mean free path of mole- 

in tjie areas in which the ah^^ SJes in a vacuum is known to be large, typically 

ited. Epitaxial grow* of sflicon m the <1 10> d*'^^^^ grater than 50 centimetere: Consequentiy, the vast 

IS much njore rapid than the growth in die <111> ^ molecules reaching the substrate 26 will 

direction. The upper surface of ttie recessed area is a ^^^^^^ by a direct path fr^m the molecular beam 

iL^^i P "^^^^u "^l °^ w*" !w" " source, ahd deposition ^1 occur only on those por- 

dbxide layer which haye been etched away have been of the sutetote 26 which lie in direct paths from 

chosen to coincide wnh the P'^"^* STmoIecukr beam source U not interrupt!ed by por- 

wafer 18. Consequentiy the bars 20 will grow ahn^t ^ ^ stencil 28* Tte results in a very d^ned 

«cclusively upwaid v^^ no »f nd grow^; J^L deposited on the substrate 26, subjea o^^^ 

I^^L'^nH^C?^ K^^Sstrate^ 

^^f^ 5th^ lf!^«^^^^ -n^^ of the substrate 26 within the region X 

surface of the silicon wafer 18. The remaining portion u,:- i k« fi^u/iU* tKmntth tk^ an^- 

of the previously selectively etched sUicon dioidde 'f^^'^!^^^?^^,^^ 
layer is then re«i.ved from the silicon wafer 18. Ue ^ °f "^^^^^tJiU^r^i^^Z 
i^ultant epitaxiaMy grown hirs 20, therefore, will have 45 de^wtaor, '^'^^.Tv^^n^ S! 
a rectangular cross ictibn as shown in the RG. S(b). uSS! ft-Tt^Jr^S^^^^ 
After d4»sition of the bars 20. and removal of the separation S tetween the substrate 26 and Ae boUom 
remaininjportion of the silicon dioxide layer the lower of *e stenp^ 28 a ven^ t^'^'^fff f'^f^J* 
surface .*f the siUcon wafer 18 is etched away in the "'^^ '^T.^'JI^ ™ 121°^^ 
region of the membnme thereby resulting in a com- 50 predictable. but.wUl be very ajjall For P««P«" of 
pleted stencU. TTiis method caii be practiced with inate- clanty ui the expanded view ofFIO. 6, the extent of the 
rials other than silicon. Oallium arsenide for example is dimension X is^dliutnited as being significant in com- 
another material known to be amenable to faceted panson with the distance between adjacent madcing 
epitaxial growth: Also, the specific details disclosed portions of Uie stenal 28. In rwlrty the extent of Ae 
here for «>itaxial growth of the membrane structure 55 area is only a very smaU portion of the distance be- 
are not critical to the practice of this invention. The tween adjacent masking portions of the stencil 28 and 
important point b that the selective growth characteris- this shadovf effect is msignrficant. , 
ticsof epitexially grown silicon can be used to yield a TTiis type of pattern rephcation is almost totally m- 
membrane structure vrfth substantially vertical sides. sensitive to the presence of dust partidM and other 
Variations on the specific steps of the process disclosed 60 imperfections on the surface of substrate 26. Since the 
are also within the contemplation of the invention. areas over which deposition occurs are related to the 
, mean free path of molecules in the vacuum, wave 

mOH RESOLUTION PATTERN REPLICATION jengfli related dit&active problems normally encoun- 

USING STENQLS (gyej ^th conventional photolithographic deposition 

Thin film pattern replication employing stencils of 65 techniques are notobserved using this technique. It has 

the type discussed above can be performed over areas . been observed experimentally that dust particles and 
of several centimeters. An apparatus for this type of other imperfections on the surface of the substrate are 
pattern replication is illustrated in FIG. 6. It consists readily covered by the deposition material and there is 
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forming respective first and second mask layers on 
said upper and lower surfaces of said wafer, 

selectively patuming said first and second mask to 
remove at least one portion thereof exposing a 
selected area of the upper surface of said wafer S 
wherein at least one edge of the removed portion of 
said first mask lies in a slow etching crystallo- 
graphic plane of the single crystalline material of 
said wafer vfhich is perpendicular to said upper 
surface of said wafer, 10 

etching the selected area of said upper surface of said 
wafer exposed through the selective patterning of 
said first mask with an orientation dependent etch- 
ant to provide at least one recess formed in the 
upper surface of said wafer, 15 

selectively removing a portion of said second mask in 
underlying alignment with said at least one etched 
recess in said upper surface of said wafer to expose 
a portion of said lower surface of said wafer in 
underlying registration with said at least one etched 20 
recess formed in the upper surface of said wafer, 

etching the exposed portion of said lower surface of 
said wafer up to the depth of said at least one recess 
formed in the upper surface of said wafer to define 
said membrane area of stencil material opaque to 25 
molecular beam radiation but of reduced diickness 
relative to the remainder of said wafer and having 
at least one patterned opening extending there- 
through coinciding with the location of said at least 
one recess, 50 

removing the remaining portions of said first and 
second masks from said wafer whereby there is 
formed a high resolution stencil from a wafer of 
single crystalline semiconductor material so as to 
include a membrane area of stencil material 35 
opaque to molecular beam radiation but of re- 
duced thickness relative to the remainder of said 
stencil and having at least one patterned opening 
therein, wherein the boundaries between each said 
opening and the membrane area of stencil tnaterial 40 
defining the periphery thereof lie substantially in 
planes perpendicular to the face of said high reso- 
lution stencil, and 

depositing a patterned thin film on a substrate with a 
molecular beam of the material to form the thin 45 
film by interposing said high resolution stencil as a 
deposition mask between the substrate and the 
source of the molecular beam and directing the 
molecular beam onto the membrane area of said 
stencil such that the molecular beam passes 50 
through said at least one patterned opening to the 
portion of the substrate exposed therebeneath. 

2. A method as set forth in claim 1, wherein die single 
crystalline semiconductor material of the wafer from 
which the high resolution stencil is fabricated is taken 55 



from the group consisting of sflicon, germanium, gal- 
lium arsenide, ^lium antimonide, Indium arsenide, 
indium antimonide, and indium phosphide. 

3. A metiiod for replication of a patterned thin film 
on a substrate comprising: 

. preparing a wafer of sii^gle crystalline semiconductor 
material so as to locate its upper and lower surfaces 
in planes parallel to a ^t etching crystallographic 
plane of the single crystalline semiconductor mate- 
rial of said wafer, 
etching the upper surface of said wafer with an orien- 
tation dependent etchant to form a recess tiierein 
bounded by vertical side walls lying in planes re- 
spectively perpendicular to the upper surface of 
said wafer, 

forming a mask layer covering the upper surface of 
said wafer including the recessed area thereof, 

patterning said mask layer by selectively removing 
portions therefrom to expose at least one portion of 
the bottom surface of said recess formed in said 
wafer while another portioii of the bottom surface 
of said recess remains covered by the patterned 
mask layer, 

epitaxially growing the same semioonductor material 
as that of said wafer on the said exposed at least . 
one portion of the bottom surface of said recess 
until the level of said epitaxial growth is substan- 
tially flush with the upper sur^e of said wafer, 
removing the patterned mask layer from said wafer, 
etching the lower surface of said wafer in a region in 
registration with the recess formed in the upper 
surface of said wafer up to the depth of said recess 
to provide at least one patterned opening extending 
through said wafer in a membrane area defined by 
the epitaxial growth of said semiconductor material 
and a reduced thickness as compared to the re- 
mainder of said wafer, thereby defining a high reso- 
lution stencil having said at least one patterned 
opening through said membrane area, wherein the 
boundaries between each said opening and the 
membrane area of said stencil defining the periph- 
ery thereof lie substantially in planes perpendicular 
to the upper and lower siirface of said stencil, 
interposing said high resolution stencil between a 
molecular beam source of film-forming material 
and a substrate on which the patterned thin film is 
to be deposited wherein said ttigh resolution stencil 
serves as a deposition mask, and 
directing a molecular beam fixsm the source onto the 
membrane area of said stencil such that the molec- 
ular beam passes through said at least one pat- 
terned opening to the portion of the substrate ex- 
posed therebeneath for depositing the patterned 
thin film tiiereon. 
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